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Ordinary (bituminous) coal has been defined by Stopes and Wheelem as "a 
compact, stratified mass of 'mummified!' plants (wnich have in past suffered 
arrested deca: to varying degrees of completeness), free from all save a very low 
percentage of other matter" like the plant products from wnich it originated. 
coal is therefore a heterogeneous mass of several physically and chemically 
different classes of compounds, held together pcrhans bv some sucn loose cnemical 
union as has heen sugested for the constituents of wood The proverties of 
various coals, as we know them, thus denend on the proportions in which these 
classes are present and on the nature of the individual substances which comorise 
them; tire elucidation of the chemical constitution of coal depends on tne 
knowledge of tne structure of these different types of matter. 


While at first sickht tnis tas!: anpears to be noreless, there can be 

little doubt that the results of coal research within the onst decade have con- 
Siderably lishtened the burden. Indeed, R. V. Waceler®, one of the vnioneers of 
modern coal researcn, optimistically has said: "The constitution of coal may seem 
a wide one; I have come to tne conclusion thet it is not as wide as is generally 

mazined. I wish, in fact, to armie the essential simplicity, chemically, of coal 
rae than its complexity." That such optimism is not universal among workers 
in this field may be gatnered from a statement oy anotner autnority, Tropsch,* 
who said, "It is doubtful" (admitting the great advances made in recent vears) "if 
the methods of classical orztaunic chemistry can exolain completely the constitution!" 
of the actual coal substance. The widely differing »cints of viev expressed in 
these statements are, however, merely due to the fact that while the one investi- 
gator looks back to tne past and bdDecomes encou raced vy the recent important 
progress, the other secs despairin;ly the enormous strides that must te mace in 
the future before the structure of coal will stand revealed. It is the purpose 
of the present naper to sumnarize triefly the present status of the constitution 
of coal from the chemist's standpoint, emphasizing esyvccially tne contributions 
made during the last five yvears. 
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a- Presented before tie: linneapolis meeting of tie Aierican Cuemical Society. 
e at. 7 
The Bureau of Mines will welcome reprinting of this paper, provided tne 
- sy es 
following footnote acknowledgment is made; ne Hewes from U. 5S. Bureau 
of Mines Information Circular 6212." 
b - Explosives organic chemist, U. 5. Bureau of Mines, Pittsburgh Exneriment 
tation, Pittsburgh, Pa. 
1 - Numbers refer to bibliography at end of this paper. 
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CHEMICAL NATURE OF CCAL ; 
Evidezice as to tie cnemical nature of coal has come from two sources: 


I. Study of the coal substance as a wiole, including (a) microscopic 
investigation, (b) decomposition by heat (carbonization and gasification), (c) 
syontancous heating, (d) trentment with solvents, ard (e) behavior towards re- 
avzents. 


II. Examination of distinct constituents of coal, including (a) 1, the 
microscopically distinct or mechanically sevaravle inz:redients, vitrain, clarian, 
durain, and fusain; 2, antnraxylon, and attritus; 3, spore exines, cuticles; (bd) 
the various fractions obtained dv solvent extraction chiefly with vvridine, 
cl.loroform, venzcne, petroleum ether, and vuenol; and (c) the humic (or ulmic) 
portion regenerated from coal by oxidation or obtained direct from the vounger 
brown coals. 


In view of the vast outout of publisned research in the fields enumerated, 
it is impossivle to consider all the work fully. Fortunately, excellent co:pre- 
hensive reviews of tne work up to 1924 are available in beth English? and German, © 
and these are substantially un-to-d-te so far as tae tovics of Grovwp I are con- 
cerned. The reason for tniis is that coal chemists now realize trat little can be 
gained by studying the tehavior of the entire coal conrlomerate, and that tne more 
logical metnod of attack is upon isolaved and different classes of compounds into 
wich coal can te resolved bv various means.’ For the sale of commletencss, 
however, a brief resumé of the extensive literature on the chemistry of the coal 
substance as a wnole will be given. 


I. S@vuDY OF COAL SUBSTANCE AS A WEOLE 


(a) Microscopy of Ccal. — The brilliant rescarches of a number of investi- 
gators in this field have throw a creat deal of lignt on the origin and con- 
Stitution of coal, and have definitely lived the chemistry of coal with that of 
plants and their products of decomposition. ne chemist is indebted tc these 
investifsators wno have stimulated him and have supplied him with valuatle informa- 
tion, but obvicusly it is tevond the power or tie microscope to reveal tne sub- 
microscopic svructure of matter in which tie chenist is primarily interested. 


Tnarizs to tne microscopist the coal chemist has been forced to realize 
that the cnemistry of plants, of their decay, and of intermediate products of 
coalification (for example, pcat and brown coal) must receive his full. share of 
attention if he would solve comoletely tre cnemistry of coal. 


(bd) Decowmwosition of Coal by Heat. = In the absence of any more direct 
evidence, the nenavior of coal on heating nas been used to formulate certain 
theories regarding its constitution. Thus, it has been affirmed? that coal con- 
tains two classes of commounds differing in their decomvosition temerature, tne 
one vielding below 7009 C. chiefiy aydrocarbons, tne otner decomposing at a 
critical temperature near that point and giving hydrogen and oxides of carton. 
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Porterl9 stetes, however, that "this view as to a distinct cheracterization of 
Classes of raterial present, by “ehuvior in decomoosition, has not been ;:enerally 
accented and in fact has been modified'+ in 2 measure by the proponents." They 
admit that tne avparent "critical" temperature at about 700° is probably not the 
deco:rmosition temperature of an original ccmoonent cf coal, but of a vesidue from 
tne treatment at lower temperatures. 


As a result of further studies of the decommosition of coal bv heat, 
Jones and Wheeler!” proposed a ti.eory of the chemical constitution of want they 
considered the two constitutents of coal: (1) The "ce? lulosic", consisting of 
(a) the alpha fraction insoluble in pyridine, and (%) the beta fraction soluble 
in vyridine and insoluble in chloroform; and (2) the "resinic" or gana fraction 
soluole both in prvridine and in chloroform. Briefly, tney postulated for ture 
first greun a furane structure which has a doubly unsaturated four carton-oxvgen 
ring system, and for the second tre existence of "bound" molecules of the tre 
RE.C.H2-441¢ or HI.Cyio,_ which decompose to give free nydrocarbons. The tnsory 
o= tiese investiszators was largely speculative and bescd chicsfly on analofics 
drawn from the benavior of known compounds; therefore, the evidence advanced can 
not oe ccnsidered sufficient or conclusive. 


~ e 

(c) Secontaneous Heating.t% - The practical significance of tne ovnenomenon 
of snontannous combustion of coal in storage has led a number of investizators to 
study tne provlea. Although most of the work has been done from a practical 
yoint of view, tnere nas also been a good deal of sveculation on tne fvndanertal 
orcperties of the coal sunsta:ice wnich is responsible for this behavior on 
exrosure to air. [In fact, a great Geal of the theoretical work on tne constitu- 
tion of coal, particularly in England, was widcerta-cen to shed further lisnt on 
this important subject (and the related problem cf the exvlosibdility of coal-dust), 
the chicf aim being to determine wnicn portion or the coul conslomcrate vas 
resvonsible for its "self-heating." Thus interest nas been ceniered on tre pyrite 
in coall* ard on the oxidizable "ulmic!! portion.t° of tness, the latter is, for 
the purocse of this paner, by far the more important and will later be consicered 
in detail. | 


(a) Treatme:t of Coal with Sclvents.14 - Numerous attempts have been made 
to separate tne various constituents of coal by means of solvents. Tne chief 
value of tnese efforts has been, however, to call attention to the comlex nature 
of coal and to tne futility of studyinz it cuiemically in its entiret:. Thus the 
"cana" or"resinic" (pyridine and cnlorofurm soluble) portion nas entirely 
different properties from the remainder of tne coal, ard will be considered 
separately. Likewise, the pyridine and ciloroform residue has been furtuer 
resolved into different tyres of matter wiich have veen studied by themselves. 

Of the other sclvents, benzenc at 200 to 300° C. under pressure has yielded totn 
solid and oily "bitumens", tut little is known concerning their chemical proper- 
ties. 
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(e) Behavior of Coal Towards Chemical Reazerts.le - The use of reagents 
to determine the chemical constitution of coal sces baci: to Gay-Lussac one 
mundred years neo .t9 Nitric, Suivncric, Lodic;. chromic, chloric, and chiorsul- 
phuric acids, water, sulphuryl chloride, votassium permanganate and otner oxidiz- 
ing agents, hvdriodic acid end other reducing agents, hypochlorites, ozone, al- 
kalies, halogens, and potassium hydride have all been tried by many workers. On 
he waole, it can not be said that the vield of information resulting from tne 
enormous amount of work done is very high. The'most useful reasents by far are 
tne oxidizing agents, and these have been uscd to shed light not only on the 
constitution orf coal tut also on the origin. Fiscner and Schrader!’ tis obtained 
as nign as 10 per cent of uromatic ecids, mellitic, mellonhtalic, and isophtalic 
acids. They utilized their findings to surst-ntiate their well-known theory that 
coal is essentially aromatic in nature, being derived Srom the supposedly | 
aromatic component of wood--namely, lignin. Of ereat imoortance in tne study of 
tne cremistry of coal is the fact that on oxidation, certain portions of the coal 
conglomerate form alkali-soluble products. As the ulmins are the most important 
single constituent of coal, they are considered in detail in the following section. 


TI. Evamination of the Distinct Constituents of Coal 
avaminavion of tie Yistincs von €nvus of Uoat 


(2) Tne Four Inzredients of Banded Biteninois Coal. - In 1919 Stopes! ® 


brousnt forward tie idea tneat banded bituminous coal maz be nechanically senarated 
into four ingredients, as follows: 


(1) Fusain ~ the equivalent of "mother of coal", "mineral charcoal," 
etc. . | 


(2) Daurain - the eqvivalent of "dull" lard coal of various authors: 
the "mattkohle" of the Germans. | 


Together tne equiva- 
7 | ent: Of “Griest" or 
(4) Vitrain - conchoidal fracture brilliant elanz coal of various 
in appearance authors; tne "Glanz- 
| : | iconle" of the Germans. 


(3) Clarain - banded brigit luster 


- eee 


This classification was seneraliy accented in Hrngland, and most of tne 
subsequent worl: with coal carried on in that country started with those scparate 
ingredients. Tre results obtuined oy these avwnerous investigators nave s:iown 
that the differences tetween the last three grouns "seem to be due to a variation 
in the prevortions in which tne constituents of tne conl conglomerate are present 
in each ingredient of the banded coal, rather than to the presence in any one of 
tnem of fundainentally distinct tyes of compounds." In other words, tne mechani- 
cal separation of coal did not yield any essentially different chemical tomes 19 


6752 a Ae 


Ts Cx Cele; 


(o) T.e Anthraxvlon ale ance a RP sen. - As a result of his exten- 
Sive microscopic investizatior of various conls, Tniessen“0 has concluded tnat 
tre chief constitvents of cll bituminovs coals may te divided into two classes: 
(1) Anthraxjlon, which is found in bright bands and is derived*from the woody 
tisstes of plants; and (2) attritus, found in the dvller portions and consisting 
of finely mace rated plant mass or "attritica matter", cerived from all kinds of 


products, tosether with more "highly fragmented sathiaaylonc 


Tnis classification, like t:at of Stopes, is essentially pnhysical and is 
irmortant from the viewpoint of the studeut of tre origin of coal and its physical 
relation to its motner sudstance. To the chemist, on tne other hand, tne ovroblem 
of tne constitution is first to separate the conslomercte into chemically 


differsnt groups and then to identify members of each group. 


(2) Tideswell and Wheeler's Views. - Tideswell and Wheeler“! have, it 
seems, attenpted to tring tozether Stopes! and Thiesser's views and state trat 
"the variovs plant cntities and residves that have contrituted to the formation 
of tie organic substence of coal can conveniently be srouped according as tney 
ares 


(1) Resistant to decyuy. - Among tue more inmortant members of this group 
are (a) soore exines and cution Jar tissues: and (b) resins. 


(2) Sibject to decay. - Members of this grovn are (a) organized, such as 
cellulosic and lignified tissres; (b) amorphous, the contents of plant cells. 


(3) The products of decay. - The ulmins: It is further postulated that 
"as they finally apneay in the coal, cell-wall structures, group 2 (a) may not 
differ muck, crenicall:’, fron the amorphous ulinins, but tre matcricals of grouv l 
differ markedly. " 


Waeeler“” concludes from this that it is "to be exnected that, cnenically, 
coal will be divisible into two main groups of substances, differing considerably 
rrom each otner; tae one composed of tue resistant plant materials, pernaos in a 
somevnat changed form, the other tne ulmins aerived from the less resistant 
cellular strictures and cell contents." 


This division muy te open to attack on the grounds of its being simmler 
vunan tne tracts indicate, but there can te no doubt that Wheeler's conception of 
the essenvial simmlicity ot coal has given great impetus to tre rational study 
of its chemical composition. Tnus, in the las it few years several important pub- 
licatious Lave appeared which deal with the constitution of the various chemically 
distinct comoonents into whicn coal may” be soparated. These are (1) the hydro- 
carbons and resins; (2) the organized plant entities such as the cuticles; and 
(3) the ulmins. 


Itt. The Different Types of Oranic Substances into 
' “which Coal. May be Resolved 

(a) The Resins. — The presence of small amounts of resin-like inclusions 
in bituminous coal. has been demonstrated conclusively by several observers. 
Wigeinton©9 examined chemically 1lé samples derived f ror: British and American 
coals and found that the resins were alwavs richer in carbon and hydrogen than 
the coals from wnich they were derived. The average percentages found were 
carbon 51.7 anc hrdrogen 8.6. Organic solvents resolved the resins into various 
fractions, indicating that they nore not homogeneous substances. Tests for resin 
aclas gave nezative results. Free invdrocarbons saturated or unsaturated were also 
found to be absent. Molecular-weignt determinations weve a figure of aporroximate- 
17 1000, and Seetolation showed the presence of 1 to 2 per cent of hydroxyl oxygen. 
Finally, thermal decomposition of two sammles gave almost equal quantities (rough- 
ly 40 per cent each) of coke and tar and a gas rich in paraffin hydrocarbons and 
hydrogen, besides small quantitics of unsuturated hydrocarbons 


By well-regulated oxidation of a Hampstead vitrain and subsequent treat- 
ment with alkali, Francis and Wneeler“* obtained yellow rods which were doubtless 
resin inclusions. These were soluble in chloroform end on analysis snowed 80.6 
per cent carbon and 10.3 per cent hydroren. 


b) The Bituminous Matter in Coal. - A larger and, from tie point of view 
of incustry, 2 more important group cf substarces are those which can be extracted 
from oa by meaus of various solvents. These are held to be derived from the 
oils, fats, waxes, and resins of tne original coal-forming plant material. A 
larze number of sclvents have been used to extract tiese substances from coal, but 
actually pyriaine, chloroform, and senzene have vielded the best results. 


il alice ah rridine-Chloroform Soluble, So-Called Gamma, Portion of Coal. - Con- 
tinuing the early work of Clark, cones and Wheeler, C2 168) CU Gocream and 


Waeeler’? nave investigated further tne gamma portions of a large mumcer of 
bituminous coals. The pyridine-chloroform soluble portion was further fractiont::4 
oy extraction with Light petroleum, etayl ether, and acetone. The portions cis- 
solved by each of these were called garmma-l, famma-2, and gamma-~S, respectively, 
Wiile the residue was termed gamma-4. Table 1 summarizes the analytical results 
obtained. ae a 
Table 1. - Resolution of gomra comrounds in 
: Parxgate-s clerain 


Per cent of | Per cent | 


total ganna ;  . 0 
comounas 


ner cent 


Ultimate aralvsis 


Camna 
Ganima 
Gamma 


m WOOF 
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Further exaaination of the four fractions snowed that they vere 
constituted as follovs: 


Garma 1. - A mixture of white crystalline comoound with red oil. Contains 
oxygenated cortpounds consisting of traces of tases and fatty acids, resins, 
saturated and unsaturated hydrocarvons (analysis: C, &7.4; FE, 11.3; 0, 1.47 ver 
cent). 


amma 2. Small quantities of acids and nvrijdine beses, some savonifiable 
material Sonciat ie cniefly of commiex phenols, traces of an acid volatile with 
steam, hydroxy acids in the form of esters similar to the "resines" or "resinols" 
of Tschirch and nonsaponifiable matter similar to "vresenes." 


Gamma 2 and 4. - These constitute a darz-orown high-melting »nowder which 
differs markedly from the first two portions, and on account of their similar 
vehavior they are vrouned tozether. 


Tac various gama fractions were further studied by means of destructive 
ssid oeeaut ts end resulated oxidation. Thus the former treatment snowed that the 
arma constituents consist mainly of hrdrocarctons, resins, and a tnird sreup waicnh 
has mixed proverties of resins ard coal-ulmins. 


Ine Bengene-Pressuie Txtrects of Ccal. - Tne extraction of col ‘vith 
benzene unuer pressure at temeratures of £00 to 305° 6. was first tried by 
Fischer and his ussociates.<9 They found the extract to consist ot two vortionss 
the one cailed "solid bitumens" is insoluble in light petroleum etrer; the otner 
called "oily bitumens" (consisting of nydrocartons) is soluble in that solvent. 
In a very recont :aner Davis and Reraolds©? resort a third product which is sol- 
uble in benzene under the conditions of extraction but precipitates from solution 
on cooling; this they call "insoluble hitumen." (If one may juid.e from the 
ultimate analyses revorted, the two solid bitumens consist of similar types of 
comoounds.) These investigators, as well as others, have in part attemoted to 
correlate tne properties of tue venzene extracts with the inmortant coking 
property of bituminous coals. At vresent there is considerable interest and con- 
troversy in this field, but age tne exception of ultimate analvses and melting 
or decomposition beans cabins no fundamental data are obtainable on the chemical 
nature of the titumers. 


Cormarison Between Prvridine-Chloroform and Renzene-Pressure Extracts. - 


a en ne ll 


Coczram and Wneeler concluded from a resolution of their benzene-vressure 


extracts of Parkyate-A coal with ethyl ether and acetone that, on tne waole, the 
esmma comoounds ane the mixed bitumens ooteined from tie penzene solutions vere 
constituted alike; nowever, they note tnat this is not necessarily so for all 


coals. Furtuer one along these lines seems to be nisnly desirable. 


(c) The Organized Plant Entities of Coal: Plant cuticles. - Cuticles 
constitute the outer protective coverings of plant bodies. Their existence in 
dituninovs coal is well established; in tre uniave Russian deposit of so-called 
peper-coel they represent <0 per cent of tne total conl. 


S7Dc ee ioe 


In.the course of their systematic attack on tne constitution of coal, 
tne Safety in Mines Research Board of Great Britain has been studving the 
Chemistry of nlant cuticles. For the pursose of develoning a technique in 
nandling tne cuticles existing in coal wnich are accessibdle with difficulty, 
Lesg and Waeeler@® have been stu ving a typicel modern plant cuticle--taat of the 
Agave Americana. They obtained mainly four fractions: A water-soluble material, 
wax,.cellulose, and most abuadant of all, a residue called "cutin," which is said 
to be derived from tne oxidation of unsaturated constitvusuts of fats and waxes 
wita waich it is associated. From the lattez save been derived two acids, cutic 
and cutinic, having the empirical formalas CzcH5006 and 0) sH2206. Furtnermore, 
on distillation cutin vields 60 wer cent of tarry products from which © 
pentatriacontane, CgeE79, has been isolated. 


spores and spore exines. - The renroductive orans of certain plants (in 
modern times onlv those of lover order) are ‘nov as snores and the vater-vroof 
casings associated with them are called exines. Tne presence of these vlant 
substances in coal has been fully demonstrated oy White and otners;“9 the exines 
are esveciall: well »reserved, on account of their chemical inertness. Until 
very recenctly, the spores and spore exines in coal have interested the students 
cf tne origin end phivsical constitution of coal ratner then the chemist. Nov, 
however, in keeping with their broad researcn policy, British chemists are in- 
vestigatins these plant remains chemically with a view to determining tneir 
contribution to tiie chemical behavior of the coal conzlomerate. While so far tne 
vorlz is umubdlished, excellent pro ress is bein; renorted. 


IV. The Ulmins 


Tne ulmin portion represents by far the most prevonderant fraction of the 
coal conzlomerate. The ulmins exist in nature in tne soil, as so-called humins, 
in osat, lignite, and higher-raning coals. They are generally rezardec as 
derivatives of plant products and, according to the Fischer-Schrader theory of 
coal formation, are derived from the lignin portion of voody vegetation. Tue 
importance of the problem of determining: the chemical constitution of ulmins is 
evident, for not only will its solution promote tne intelligent utilization of 
coal, but it will also settle some important questions as to tne origin of coal. 


It is of course immossible within the scope of this vaper to discuss at 
length the results of the enormous amount of wor: waicn hes been done on ulmins. 
Fortunately, for the chemist, this is hardly nececsary for it is only vithin tne 
past decade thut ulmin chenistry has emerged from tne state of almost hovcless 
confusion of divergent opinions which cnaracterizes the earl: develonnent of any 
field of lnowlecge. 


Tne introduction of the methods of modern pnyrsical and organic cnemistry 
into tne study of ul:ains, especially by Cden, Fischer, Tronsch, Eller, Marcusson, 
and Fuchs, .is beginning not only to illuminate the situation, but as usual is 
tending to simplify greatly the complex problem. This does not mean tuat even the 
fundamental points -'‘such as, for exammle, tne hnomozencity of different ulmins - 
are all definitely establisned; but cervainly the facts recently acauired allow a 
more consistent picture to be drawn and encourage tne coal-researcna worker to 
feel that his goal is not hopelessly out of sight. 
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Derinition. - A satisfactory and wniversally accented definition of the 
word "ulrin" does not exist. In tais naper the work refers to all tne substances 
or zrouwos of substances regiarcless of origin or properties, which are -variously 
referred to as muus, ‘urins, humic acics, huminoids, end so forth. For the sake 
of further identification, they may be differentiated ty the names soil ulmin, 
coal ulitin, symtnetic ulmin, and tne like. The word "ulmins" is used b:r the 
British, ie the Gecriasens end some Americans use "huwtins." The ulmins have been 
defined ty Caer ag those vellew-btrow to cark black-brown substances of un'mnown 
constitution which are forsed by tne decoizposition of organic matter. 50 Obviously, 
this: is a >road definition and is open to criticism: Strache and Lento nave 
suggested a division of the field wulmins into five portions; but until our 
imowledje of the nature of ulmins is greater, it is hirdly necessary to concen- 
trate muca efrort on nomenclature. In tne present discussion the ulmins will be 
considered collectively, a:d special reference will be made to similarities in 
vhe pronerties of the various substances. 


Paysical Propesties. - Tne colloidal nature of ulmins is their most marked 
physicai oroocrty. As tais paper ceals wita their chemistry, it is sufficient to 
note that the ulmins have e great affinity for water, and wien freshly >revared 
ave a moisture ccateat of 90 to 95 per cent. The colloidal nature of the ulmins 
creates many otstacles for the cnenist wno investigzetes them. For example, it is 
agifficult to prepare a pure sample gree from anv adsorbed material. Indeed, there 
hes been considerable controversy 2s to ‘ynetner the nitro,..en found in soil ulmins 
together with carbon, inydrogen, and oxysen is an innerent part of the ulmic 
substance or is extraneously adsorbdel. | 


Cacmical Propertics: Comrositioi. - Tae ulmins are compounds of carbon, 
oxygen, hydrogen, and »vossibly nitroven. Anelcses of Gifferent ulmic material 
show varving proportious of caroon from 58 to 66 ver cent, hydrcgen from 3 to 5 
ner cent, and Sometimes a few mer cent or nitro-ven. T.ese analyses lead to 
empirical formelas of aporoximately C5502 to CsH4042- Within this range lies the 
empirical formula 0gh403 which nas often Deen advanced as the empirical formla 
of some ulrmins. Francis and Wheeler? believe, however, that at least for coal 
ulmins the presence of nitro;en must de tvalcen into account. 


Moiecular Weizit ard Formule. - The results of his extensive work lead 
Oden to conclude that the ulmins from sphognum peat have a molecular weisht of 
apprpximatel: 1350, as there are four acidic nvdrosens; ne suggested the formala 
Ceotisp 024 | (COOH) 4. Fuchs and Leopold, 34, 55 in their work wita taree different 
ulmins - (3 E Acidum Huwninicum Merck, a commercial preparation from natural 
products; 212 synthetic vinic acid from starch; and (3) a synthetic acid from 
hydroguinone?’?’ — considered it likely thet the anproxinate average molecular 
weicht of tnese was 1400 and that they contained 3 to 4 renlaceable Aydrogen 
ato:ns. Fartner, more direct evidence is given by Fuchs, 57 who obtained from 
Kesseler vorown,coal ulmin an acetone-soluble nitrogen derivative having an average 
molecular vei, at of 1895. Francis and Waeeler°? were unable to obtain any 
molecular weignt values (they doubt if, owing to tne colloidal nature of ulmins, 
tnis is possible), but found a value of 170 as against 350 found by Oden for tne 
equivalent weight. From this they concluce tnat there is one hydroxyl and four 
carooxyls for each molecular unit of 660. 
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Chemical Structure of Ulmins. - Tne publication of the Fischer-Scnraderl? 

theory or coal formation from the lignin portion of plants has given rise to a 
neated controversy over tne chemical. nature of coal, and hence of the ulmins 
which are its precominant constituent. Tne supporters of the theory, and tnevz 
are in the majority, reasoned that the ulnuins are nrenolic - that is, aromatic in 
nature. Tne onsonents, led by Marcusson, &9 insistec that the ulmins are derived 
from the non-asromatic cellulose and that ulmification has »roduced not aromatic 
six-membered all-carbon rings but five-membered furane rings containing four car- 
bon and one oxygen atom. Others*9 have attemted to maintain a middle ground, 
and believe that neither theory is entirely correct. Tiws a great deal nas been 
written on tne subject, and tne matter is not Closed by any means. However, it 
is unnecessary to recout in this paper tue many pros and cons advanced by both 
Sides, especially since they are not all free from speculation and inference. It 
seems advisable to withnold furtner opinion until more and better exveriuental 
evidence is at hand. The greet value of the controversy is that it has stimmlated 
workers to stucy the ulmins with increased interest and care, for it is realized 
that tner hold the key to the solution, chemically at least, of the coal pvroblen, 
Tt is certrin that as the structure of lignin becomes 'novm and as the process of 
ulmificetion is better understood, all cf the apparently conflicting views wnich 
are vased on facts will form one consistent picture. ‘ 

Present Researcn. — At resent the ulmin problem is being attacked from 
many directions. In Ge:many, Fuchs and his colleasves are studving the ulmins of 
crowi coal. In the United States, the U. S. Rureau of Mines is carrving on work 
coth on the ulmic portion of peat, ard on tne "segenerated" ulmins from bitumin- 
ous coal. The problems are difficult and progress is comparatively slow; never- 
tueless the situation is far more hopeful than it was: 10 years ago, aid we may 
look nopefully to the future 


‘SUMMARY AND CONCLUSION 


Recent accomlish: ants in the chemistry of el have been outlined. 
Progress nas deen made ee in (1) the study ox the coal substance as a whole 
by microsconic means, treatment with solvents, attacl: bir reagents, and eta 
sition ny neat; (2) the move modern method of investizgatin;, separately’ the. © 
various constituents of coal sucn as the olant remains (cuticles and spore exines), 
resias, bitumens, and ulmins. Of tnese constituents, the ulmic portion is given 
the most attention decause it is the most prevonderant and doubtless most 
influences the properties of coal. eenccial emonasis nas been laid on the most 
recent work of Fuchs end of Francis and Wheeler. It is concluded that as a re- 
sult of this work the coal research chemist can attack more hopefuliy tne 
problem of tne constitution of coal. 
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